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Abstract 



A surface acoustic wave filter device, comprising a surface acoustic wave filter element having a ladder 
type circuit electrically connected and mechanically fixed to a package by a face down work method, 
wherein a micro strip line connected to a series arm resonator and/or a parallel arm resonator is 
provided inside the package, whereby excellent filter characteristics can be provided by the addition of 
the inductance component thereof 
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Description 

BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 

[0002] The present invention relates to a surface acoustic wave filter, and more particularly, to a 
surface acoustic wave filter device including a ladder type circuit. 
[0003] 2. Description of the Related Art 

[0004] A conventional band-pass filter includes a ladder type circuit having a plurality of one terminal 
pair surface acoustic wave resonators that are connected in a ladder configuration (e.g., Japanese 
Unexamined Patent Application Publication No. 05-183380). 

[0005] In this band-pass filter, a plurality of one terminal pair surface acoustic wave resonators are 
connected in series between an input terminal and an output terminal as series arm resonators to 
define series arms. In addition, a plurality of one terminal pair surface acoustic wave resonators are 
connected in parallel between the series arms and ground as parallel arm resonators to define parallel 
arms. 

[0006] The band-pass filter including a ladder type circuit has reduced insertion loss and a wide pass 
band, and is commonly used as a band-pass filter in a portable telephone. 
[0007] Japanese Unexamined Patent Application Publication No. 05-183380 discloses that an 
inductance component is connected in series to the above-described series arm resonator or parallel 
arm resonator, and this provides an increased bandwidth. 

[0008] Also, Japanese Unexamined Patent Application Publication No. 10-93382 discloses a structure 
wherein an inductance is added to parallel arm resonators in a surface acoustic wave filter device 
having a ladder type circuit. FIG. 1 8 shows a circuit configuration of the surface acoustic wave filter 
device according to this prior art. In the surface acoustic wave filter device 501, series arm resonators 
S1 and S2 and parallel arm resonators P1 to P3 are connected to one another so as to define a ladder 
type circuit. Here, an inductance L is inserted between the parallel arm resonators P1 to P3 and the 
ground potential to thereby provide an increased pass band width and an increased attenuation value 
in the vicinity of a pass band. 

[0009] On the other hand, Japanese Unexamined Patent Application Publication No. 04-65909 
discloses a structure in which a surface acoustic wave filter element is connected to a package by a 
face down mounting process. Conventionally, in ihe package in which the surface acoustic wave filter 
element is accommodated, the electrodes of a package and the electrodes of the surface acoustic 
wave filter element are connected by bonding wires. In contrast, the surface acoustic wave filter device 
disclosed in this prior art has a reduced size by utilizing the face down mounting process. FIG. 19 
shows a schematic sectional view of a package of a surface acoustic wave filter element provided 
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using this face down mounting process. 

[0010] In the surface acoustic wave filter device 601, a surface acoustic wave filter element 603 is 
provided in a package 602. The package 602 includes a base board 602a, a side wail 602b, and a cap 
602c. 

[0011] On the base board 602a, a die-attach portion 602d is provided having a plurality of electrode 
pads electrically connected to the surface acoustic wave filter element 603. The surface acoustic wave 
filter element 603 includes a piezoelectric substrate 603a, and electrodes of a surface acoustic wave 
filter element are provided on the bottom surface of the piezoelectric substrate 603a. The electrodes 
provided on the bottom surface of the piezoelectric substrate 603a are electrically connected to the 
electrode pads in the die-attach portion 602d via bumps 604, and the surface acoustic wave filter 
element 603 is mechanically fixed to the die-attach portion 602d via the bumps 604. 
[0012] In a face down mounting method for bonding, a surface including electrodes defining a surface 
acoustic wave filter element of the piezoelectric substrate is attached to a package by bumps. Since no 
bonding wires are required, a surface acoustic wave filter device having a reduced size is produced. 
[0013] As disclosed in the Japanese Unexamined Patent Application Publications Nos. 05-183380 and 
10-93382, when an inductance is added to a series arm resonator or a parallel arm resonator in a 
surface acoustic wave filter device having a ladder type circuit, the filter characteristics thereof are 
improved. Also, when connecting a surface acoustic wave filter element and the electrodes on a 
package by a bonding wire, the above-described inductance can be included using the bonding wire. 
[0014] However, in the surface acoustic wave filter device 601 , which is packaged by above-described 
face down mounting process, since no bonding wires are provided, an inductance component cannot 
be added to the surface acoustic wave filter device 601 using the bonding wire. A small inductance 
component may be provided by rooting electrodes connecting the external electrodes provided on the 
package to the die-attach portion, but a large inductance cannot be obtained by such rooting 
electrodes. 

[0015] Therefore, in the surface acoustic wave filter device disclosed in the Japanese Unexamined 
Patent Application Publication No. 04-65909, it is difficult to achieve an increased pass band width and 
an increased attenuation value in the vicinity of a pass band, by the addition of inductance. 
[0016] Japanese Unexamined Patent Application Publication No. 04-65909 describes that, by adding 
inductance components between each of the input/output signal terminals and the ground terminal in 
the package, an input/output impedance matching is achieved without using external elements. This 
description, however, applies to a surface acoustic wave filter having a structure which must achieve an 
input/output impedance matching outside the surface acoustic wave filter. Accordingly, in the case of a 
surface acoustic wave filter having a ladder circuit configuration which does not need to be matched, it 
is unnecessary to achieve an impedance matching between each of the input/output signal terminals 
and the ground terminal in such a package. - 

[0017] Also, in the Japanese Unexamined Patent Application Publication No. 04-65909, inductance 
components are provided in the die-attach portion. However, with this structure, an electromagnetic 
coupling occurs between the wiring and the die-attach portion on the piezoelectric substrate of the 
surface acoustic wave filter element, such that the filter characteristics thereof deteriorate. In addition, it 
is necessary to adjust the position and the number of bumps to fix and electrically connect the surface 
acoustic wave filter element and the package in order to provide an inductance component in the die- 
attach portion. However, since the position and the number of bumps do not necessarily achieve the 
sufficient electrical connections and mechanical bonding, the reliability of surface acoustic wave filter 
device deteriorates. 

SUMMARY OF THE INVENTION 

[0018] In order to overcome the above-described problems, preferred embodiments of the present 
invention provide a surface acoustic wave filter device having excellent filter characteristics, in which a 
surface acoustic wave filter element including a ladder type circuit is accommodated in a package by 
the face down mounting process. Inductances are added to parallel arm resonators and/or series arm 
resonators, and the deterioration of filter characteristics by the electromagnetic coupling between the 
electrodes on the surface acoustic wave filter element and the inductances provided in the package is 
prevented. 

[0019] In accordance with a preferred embodiment of the present invention, a surface acoustic wave 
filter device includes a surface acoustic wave filter element including a piezoelectric substrate and a 
plurality of one terminal pair surface acoustic wave elements provided on the piezoelectric substrate, 
and in which the one terminal pair surface acoustic wave elements are connected to define a parallel 
arm resonator and a series arm resonator in a ladder circuit, and a package accommodating the 
surface acoustic wave filter element. In this surface acoustic wave filter device, the surface acoustic 
wave filter element is bonded via a plurality of bumps by using the face down mounting process and is 
accommodated in the package. This surface acoustic wave filter device further includes an inductance 
component of a microstrip line which is provided in the package and connected to at least one of the 
series arm resonator and the parallel arm resonator. 

[0020] In accordance with another preferred embodiment of the present invention, the above-described 
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package includes a die-attach portion including a plurality of electrode pads which are connected via 
the bumps to one of a signal terminal and a ground terminal of the surface acoustic wave filter element, 
and a plurality of external electrodes which are electrically connected to at least one of the electrode 
• pads, and connected to one of a signal line and a ground line outside the surface acoustic wave filter 
device. 

[0021] In accordance with another preferred embodiment of the present invention, the above-described 
microstrip line is preferably connected between the electrode pad connected to the signal terminal of 
the series arm resonator and the external electrode connected to the signal line outside the surface 
acoustic wave filter device. 

[0022] In accordance with another preferred embodiment of the present invention, the above-described 
microstrip line is provided between the electrode pad connected to the ground terminal of at least one 
parallel arm resonator via the bumps, and the external electrode which is connected to the ground line 
outside the package. 

[0023] In accordance with another preferred embodiment of the present invention, the surface acoustic 
wave filter device includes at least two parallel arm resonators, tn this surface acoustic wave filter 
device, the ground terminals of all the parallel arm resonators are commonly connected on the 
piezoelectric substrate, and the microstrip line is connected between the portion where the ground 
terminals of the parallel arm resonators are commonly connected and the external electrode provided 
in the package. 

[0024] In accordance with still another preferred embodiment of the present invention, the surface 
acoustic wave filter device includes at least two parallel arm resonators. In this surface acoustic wave 
filter device, the package-side electrode pads connected to the ground terminals of all the parallel arm 
resonators define a common electrode pad, and the microstrip line is provided on the path between the 
common electrode pad and the external electrode. 

[0025] In accordance with still another preferred embodiment of the present invention, the surface 
acoustic wave filter device includes at least three parallel arm resonators, and an electrode land which 
is provided on the piezoelectric substrate, and to which the ground terminals of at least two parallel arm 
resonators are each connected. In this surface acoustic wave filter device, the microstrip line is 
provided on the path between the electrode land connected to the ground terminals of at least two 
parallel arm resonators and the external electrode to which the electrode land is connected, and the 
parallel arm resonator other than the above-described at least two parallel arm resonators is electrically 
isolated from the above-described at least two parallel arm resonators on the piezoelectric substrate, 
and is electrically connected to the external electrode other than the package-side external electrode 
connected to the above-described at least two parallel arm resonators. 

[0026] In accordance with a further preferred embodiment of the present invention, the surface acoustic 
wave filter device includes at least three parallel arm resonators. In this surface acoustic wave filter 
device, the plurality of electrode pads include a common electrode pad connected to the ground 
terminals of at least two parallel arm resonators among the parallel arm resonators, and the microstrip 
line is provided on the path between the common electrode pad and the external electrode to which the 
common electrode pad is connected, and the parallel arm resonator other than the above-described at 
least two parallel arm resonators is electrically isolated from the above-described at least two parallel 
arm resonators, at a die-attach portion including the plurality of electrode pads, and is electrically 
connected to the external electrode other than the package-side external electrode connected to the 
above-described at least two parallel arm resonators. 

[0027] In accordance with a further preferred embodiment of the present invention, the above- 
described microstrip line is disposed in the package at the position other than the position of the die- 
attach portion. 

[0028] In accordance with a yet further preferred embodiment of the present invention, the above- 
described package includes a base board on which the surface acoustic wave filter element is 
mounted, an annular side wall provided on the base board, and a cap member attached to the annual 
side wall so as to close the upper end thereof. Herein, a main portion of the microstrip line is disposed 
between the side wall and the base board. 

[0029] In accordance with another preferred embodiment of the present invention, the above-described 
package includes a first case member on which the surface acoustic wave filter element is mounted, 
and a second case member enclosing the surface acoustic wave filter element mounted on the first 
case member. Herein, a main portion of the microstrip line is provided inside the first case member. 
[0030] Here, "a main portion of a microstrip line" refers to at least 50% of the entire length of a 
microstrip line. 

[0031] In accordance with still another preferred embodiment of the present invention, the signal 
terminal at the input/output end of the surface acoustic wave filter element and at least one ground 
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imaginary line which passes the approximate center of the piezoelectric substrate of the surface 
acoustic wave filter element, and which is substantially perpendicular to the piezoelectric substrate, 
with respect to the external electrode connected to the signal line at the input/output end and the 
external electrode connected to at least one ground potential among the plurality of external electrodes. 
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[0032] The communication device in accordance with another preferred embodiment of the present 
invention includes a surface acoustic wave filter device in accordance with the present invention. 
[0033] Other features, elements, characteristics and advantages of the present invention will become 
more apparent from the following detailed description of preferred embodiments thereof with reference 
to the attached drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1 is a schematic sectional view of a surface acoustic wave filter device in accordance with a 
first preferred embodiment of the present invention. 

[0035] FIG. 2 is a plan view showing an electrode structure of a surface acoustic wave filter element 
used in the surface acoustic wave filter device in accordance with the first preferred embodiment of the 
present invention. 

[0036] FIG. 3 is a schematic plan view showing a die-attach portion including a plurality of electrode 
pads on the top surface of a base board in a package of the surface acoustic wave filter device in 
accordance with the first preferred embodiment of the present invention. 

[0037] FIG. 4 is a circuit diagram of the surface acoustic wave filter device in accordance with the first 
preferred embodiment of the present invention. 

[0038] FIG. 5 is a plan view showing an electrode pattern on the top surface of the base board in the 
package of a conventional surface acoustic wave filter device prepared for comparison. 
[0039] FIG. 6 is a diagram showing the attenuation value-frequency characteristics relationships in the 
surface acoustic wave device of the first preferred embodiment of the present invention and that of the 
conventional example. 

[0040] FIG. 7 is a circuit diagram of a surface acoustic wave filter device in accordance with a second 
preferred embodiment of the present invention. 

[0041] FIG. 8 is a plan view showing an electrode structure on the top surface of a base board in a 
package used in a surface acoustic wave filter device in accordance with the second preferred 
embodiment of the present invention. 

[0042] FIG. 9 is a diagram showing the attenuation value-frequency characteristics relationships in the 
surface acoustic wave filter device of the second preferred embodiment of the present invention and 
that of the conventional example. 

[0043] FIG. 10 is a circuit diagram of a surface acoustic wave filter device in accordance with a third 
preferred embodiment of the present invention. 

[0044] FIG. 1 1 is a plan view showing an electrode structure on the top surface of a base board in a 
package used in a surface acoustic wave filter device in accordance with the third preferred - 
embodiment of the present invention. 

[0045] FIG. 12 is a diagram showing the attenuation value-frequency characteristics relationships in the 
surface acoustic wave filter device of the third preferred embodiment f the present invention and that of 
the conventional example. 

[0046] FIG. 13 is a circuit diagram of a surface acoustic wave filter device in accordance with a fourth 
preferred embodiment of the present invention. 

[0047] FIG. 14 is a schematic sectional view of a surface acoustic wave filter device in accordance with 
the fourth preferred embodiment of the present invention. 

[0048] FIG. 15 is a plan view showing an electrode structure on the top surface of a base board in a 
package used in a surface acoustic wave filter device in accordance with the fourth preferred 
embodiment of the present invention. 

[0049] FIG. 16 is a plan view showing the electrode structure within the base board in the package 
used in the surface acoustic wave filter device in accordance with the fourth preferred embodiment of 
the present invention. 

[0050] FIG. 17 is a diagram showing the attenuation value-frequency characteristics relationships in the 
surface acoustic wave filter device of the fourth preferred embodiment and that of the conventional 
example. 

[0051] FIG. 18 is a circuit diagram showing an example of a surface acoustic wave filter device having 
a conventional ladder type circuit. 

[0052] FIG. 19 is a sectional view showing another example of a conventional surface acoustic wave 
filter device. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0053] Hereinafter, the surface acoustic wave filter device according to preferred embodiments of the 
present invention will be described in detail with reference to the drawings. 

[0054] As shown in FIG. 1, the surface acoustic wave filter device 1 in accordance with a first preferred 
embodiment includes a package 2, and a surface acoustic wave filter element 3 accommodated in a 
package 2. FIG. 1 only schematically shows the appearance of the surface acoustic wave filter device 
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3. 

[0055] The package 2 includes a base board 4 having a substantially rectangular plate shape, a 
substantially rectangular frame-shaped side wall 5 bonded on the base board 4, and a substantially 
rectangular plate-shaped cap member 6 affixed to the side wall 5 so as to close the upper opening 
thereof. Alternatively, the side wall 5 may have a ring-shaped structure such as a substantially annular 
shape. 

[0056] The base board 4 and the side wall 5 are preferably made of an insulative ceramic such as 
alumina or a synthetic resin, or other suitable material. The cap member 6 is also preferably made of 
an insulative ceramic material. Alternatively, the cap member 6 may be made of a metal or other 
suitable having an electromagnetic shielding property. 

[0057] The base board 4 is defined by a multilayer substrate including substrates 4b and 4c. Between 
the substrate 4a and the substrate 4b, a ground electrode 50 defining a microstrip line which is 
described later is provided on substantially an entire surface of the substrate 4b. The substrates 4b and 
4c are preferably made of insulative material and have a desired dielectric constant. 
[0058] As shown in FIG. 2, the surface acoustic wave filter element 3 includes a substantially 
rectangular plate-shaped piezoelectric substrate 7. In this preferred embodiment, the piezoelectric 
substrate 7 is preferably made of a 36[deg.], Y-cut, and X-propagation LiTa03 substrate. The 
piezoelectric substrate 7, however, may be made of another piezoelectric single crystal, or a 
piezoelectric ceramic such as lead titanate zirconate-based ceramic. Alternatively, a piezoelectric 
substrate including a piezoelectric thin film made of ZnO or other suitable material provided on a 
piezoelectric plate or an insulating substrate may be used. 

[0059] A metallic film is provided over the entire top surface 7a of the piezoelectric substrate 7, and 
then an electrode pattern shown in the figure is formed from the metallic film by photolithography and 
etching, or other suitable process. A metallic material for forming the electrode pattern is not particularly 
limited, but in this preferred embodiment, aluminum is used as a metallic material. The formation of an 
electrode may also be performed using the lithography and lift off method. 
[0060] The above-described electrode pattern will be described with reference to FIG. 2. 
[0061] On the top surface 7a of the piezoelectric substrate 7, in order to define a ladder circuit, series 
arm resonators 8 and 9 and parallel arm resonators 10 to 12 each of which includes one terminal pair 
surface acoustic wave element are provided. Each of the series arm resonators 8 and 9 and the 
parallel arm resonators 10 to 12 includes one IDT and reflectors disposed on opposite sides of each 
the IDTs in the propagation direction of a surface acoustic wave. Referring to the series arm resonator 
8 as a representative example, the series arm resonator 8 includes an IDT 8a and a pair of reflectors 
8b and 8c. 

[0062] Also, on the top surface 7a of the piezoelectric substrate 7, electrode lands 13 to 17 are 
provided. Each of the electrode lands 13 to 17 defines a portion for electrically connecting the surface 
acoustic wave filter element 3 to the outside, and is formed of a metallic film having a desired area. 
Here, the substantially circular portions of the electrode lands 13 to 17 define the portions to be bonded 
by bumps. 

[0063] The electrode land 13 defines the input end of the surface acoustic wave filter element 3, and is 
connected to one end of the first series arm resonator 8 via a conductive path 18. The conductive path 
18 electrically connects the electrode land 13, the one end of the series arm resonator 8, and one end 
of the first parallel arm resonator 10. An end of the parallel arm resonator 10 which is opposite to the 
end thereof connected to the conductive path 18 is connected to the electrode land 14 via a conductive 
path 19. The electrode land 14 is connected to the ground potential. 

[0064] Also, an end of the series arm resonator 8 which is opposite to the end thereof connected to the 
conductive path 18 is connected to a conductive path 20. The conductive path 20 is connected to one 
end of the second series arm resonator 9 and also to one end of the second parallel arm resonator 1 1 . 
An end of the second parallel arm resonator 1 1 which is opposite to the end thereof connected to the 
conductive path 20 is connected to an electrode land 15. The electrode land 15 is connected to the 
ground potential. 

[0065] A conductive path 21 is connected to the other end of the second series arm resonator 9. The 
conductive path 21 is also connected to the electrode land 17 and one end of the third parallel arm 
resonator 12. The electrode land 17 is used as an output terminal. An end of the parallel arm resonator 
12 which is opposite to the end thereof connected to the conductive path 21 is connected to an 
electrode land 16 via a conductive path 22. The electrode land 16 is connected to the ground potential. 
[0066] In the surface acoustic wave filter element 3, therefore, the above-described first and second 
series arm resonators 8 and 9, and the first to third parallel arm resonators are connected so as to 
define a ladder circuit shown in FIG. 4. Meanwhile, inductances L1 to L5 in FIG. 4 will be described 
later. 

j i iw. o muouaico u ic cicuuuuc ouuukuic tucu uii u ic \sj\j oui ia^c Ui u ic uaoc uuaiu «t in u ic 

package 2 shown in FIG. 1. 

[0068] The surface acoustic wave filter element 3 is mounted on a portion indicated by a broken line X 
on the top surface 4a of the base board 4. At this portion, the above-described surface acoustic wave 
filter element 3 is bonded by bumps such that the top surface 7a of the piezoelectric substrate 7 is 
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arranged face down. More specifically, the surface acoustic wave filter element 3 shown in-FIG. 2 js 
superimposed on the top surface 4a of the base board 4 shown in FIG. 3, such that the top surface 7a 
of the piezoelectric substrate 7 is arranged face down, and the surface acoustic wave filter element 3 
and the base board 4 are bonded by bumps, thereby fixing the surface acoustic wave filter elements. 
[0069] On the top surface 4a of the base board 4, the electrodes shown in the figure are preferably 
formed by printing and firing electrode paste. The plurality of electrode pads 23 to 27 define a die- 
attach portion. The electrode pads 23 to 27 are provided separately from one another. Among these, 
the electrode pad 23 is electrically connected to the electrode land 13 shown in FIG. 2 and 
mechanically bonded thereto via a bump 28. Likewise, the electrode pads 24 to 26 are connected to 
the electrode lands 14 to 16 shown in FIG. 2, respectively, via bumps 29, 30, and 31. Also, the 
electrode pad 27 is electrically connected to the electrode land 17 shown in FIG. 2 via a bump 32. 
[0070] Among the above-described electrode pads 23 to 27, the electrode pads 23 and 27 are each 
connected to an external signal line, while the electrode pad 24 and 26 are each connected to an 
external ground line. 

[0071] External electrodes 41 to 44 are provided on the top surface of the base board 4. The external 
electrodes 41 to 44 are provided not only on the top surface 4a of the base board 4, but also to extend 
to the bottom surface and the side surfaces thereof, at portions which are not shown in FIG. 1. Thus, 
each of the external electrodes 41 to 44 electrically connecting the surface acoustic wave filter device 1 
to the outside. 

[0072] The external electrode 44 is connected to the electrode pad 23 via a microstrip line 45. Likewise, 
the external electrode 41 is connected to the electrode pad 27 via a microstrip line 46. Also, the 
external electrode 42 is connected to the electrode pad 24 via a microstrip line 47, and the external 
electrode 43 is connected to both electrode pads 25 and 26 via microstrip lines 48 and 49, respectively. 

[0073] The external electrodes 42 and 43 are, therefore, each connected to an external ground line, 
while the external electrodes 41 and 44 are each connected to a signal line. 

[0074] The above-described microstrip lines 45 to 49 are arranged opposite to the ground electrode 50 
via the substrate 4b, as indicated by broken line in FIG. 3. Fine belt-shaped conductive patterns 
function as microstrip lines. In FIG. 3, although the ground electrode 50 is provided on a substantially 
entire surface of the substrate 4b, ground electrode 50 may be provided at portions opposite to the 
microstrip lines 45 to 49. The above-described microstrip lines 45 to 49 are located between the base 
board 4 and the side wall. 

[0075] In this preferred embodiment, inductance components are defined by the above-described 
microstrip lines 45 to 49. Specifically, an inductance L1 shown in FIG. 4 is defined by the microstrip line 
45, an inductance L2 is defined by the microstrip line 46, and inductances L3 to L5 are defined by the 
microstrip lines 47 to 49, respectively. • 

[0076] In other words, inductance components of the microstrip lines 47 to 49 are each connected 
between parallel arm resonators having a ladder circuit and the external electrodes each connected to 
the ground line. Likewise, inductance components of the microstrip lines 46 and 45 are each connected 
between series arm resonators and the external electrodes 41 and 44 each connected to the external 
signal line, respectively. 

[0077] In this preferred embodiment, in the surface acoustic wave filter device having a ladder type filter 
circuit including two series arm resonators 8 and 9 and three parallel arm resonators 10 to 12, 
inductance components are independently added into the parallel arm resonators 10 to 12 by the 
above-described microstrip lines 47 to 49, respectively. This provides a greatly increased pass band 
width and a greatly increased attenuation value in the vicinity of pass band. This will be described 
based on specific experimentation. 

[0078] The solid line in FIG. 6 shows the attenuation value-frequency characteristics relationship of the 
surface acoustic wave filter device in accordance with the first preferred embodiment of the present 
invention, and the broken line shows that of a surface acoustic wave filter device prepared for 
comparison. 

[0079] The conventional surface acoustic wave filter device, the results of which are shown in FIG. 6 by 
the broken line, is the same as that of the above-described preferred embodiment except that the 
electrode configuration on the top surface of the base board of the package has been provided as 
shown in FIG. 5. That is, electrode pads 105 to 107 are provided on the top surface 104a of a base 
board 104. External electrodes 1 1 1 to 1 14 are provided at the four corners. The external electrodes 
1 1 1 to 1 14 are arranged so as to extend from the top surface to the bottom surface via the side 
surfaces thereof. These external electrodes correspond to the portions which are electrically connected 
to the outside. The external electrodes 112 and 113 are electrically connected to the electrode pads 
105 and 106 via wide conductive paths 108 and 109, respectively. 

[0080] Since ground electrodes are not provided on portions of the base board 104 which are opposite 
to the conductive paths 108 and 109, the conductive paths 108 and 109 do not function as microstrip 
lines. An electrode pad 107 having a large area is directly connected to external electrodes 111 and 
114. The electrode pad 107 is bonded via bumps to the electrode lands 14 to 16 of the surface acoustic 
wave filter element 3 which are connected to the ground line, and the electrode pads 105 and 106 are 
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the portions that are connected to the respective electrode lands 13 and 17 each connected to a signal 
terminal. 

[0081] Therefore, in the conventional surface acoustic wave filter device prepared for comparison, there 
• are np microstrip lines independently provided between the parallel arm resonators 10 to 12 and the 
external electrodes 1 1 1 and 1 14 each connected to a ground line, therefore, inductance components 
defined by microstrip lines are not provided therebetween. 

[0082] Likewise, there are no microstrip lines connected between the series arm resonators 8 and 9 
and the external electrodes 1 12 and 113, respectively, on the package side, therefore, inductance 
components by microstrip lines are not provided therebetween. 

[0083] The specifications of the surface acoustic wave filter element 3 used in the above-described 
preferred embodiment and the conventional example are as follows: 
[0084] The series arm resonators 8 and 9: 

[0085] interdigital width of electrode fingers=17 [mu]m, number of pairs of electrodes in an IDT=100, 
number of electrode fingers in a reflector=100, and electrode finger pitch=0.99 [mu]m (wavelength of 
surface acoustic wave [lambda]=1.99 [mu]m). 
[0086] The first and third parallel arm resonators 10 and 12: 

[0087] interdigital width of electrode finger=50 [mu]m, number of pairs of electrodes in an IDT=40, 
number of electrode fingers in a reflector=100, and electrode finger pitch=1 .04 [mu]m (wavelength of 
surface acoustic wave [lambda]=2.07 [mu]m). 
[0088] The second parallel arm resonators 11: 

[0089] interdigital width of electrode fmger=52 [mu]m, number of pairs of electrodes in an IDT=90, 
number of electrode fingers in a reflector=100, and electrode finger pitch=1.04 [mu]m (wavelength of 
surface acoustic wave [lambda]=2.08 [mu]m). 

[0090] In the present preferred embodiment, the inductance components by the microstrip lines 45 to 
49 disposed on the base board 4, are as follows: 
[0091] Microstrip lines 45 and 46 . . . 0.8 nH 
[0092] Microstrip lines 47 and 49 . . . 0.8 nH 
[0093] Microstrip line 48 . . . 0.5 nH 

[0094] As shown in FIG. 6, the width of the pass band corresponding to an attenuation value of 4 dB, is 
86 MHz for this preferred embodiment, in contrast to 78 MHz for the conventional example, that is, this 
preferred embodiment exhibits a wider pass band width than the conventional example. The 
attenuation pole in the vicinity of the pass band, in this preferred embodiment, is located at substantially 
the same frequency as that in the conventional example. This is because common inductance 
component is provided since the electrode pads of the die-attach portion connected to the ground 
potential are separated from one another, in other words, since inductance components are 
independently added to the first to third parallel arm resonators 10 to 12 by the above-described 
microstrip lines 47 to 49. 

[0095] Furthermore, since the microstrip lines 45 to 49 for providing the above-described inductance 
components are located between the base board and the side wall, minimal electromagnetic coupling 
between each of the microstrip lines 45 to 49 and the surface acoustic wave filter element 3 occurs, 
such that superior filter characteristics are achieved. In addition, since the above-described microstrip 
lines 45 to 49 are not provided in the die-attach portion, these microstrip lines do not impose any 
limitations on the location and the number of bumps. This allows the surface acoustic wave filter 
element 3 to be bonded to the base board 4 with greatly increased bonding strength. 
[0096] Changing the dielectric constant of the substrate 4b on which the microstrip lines are provided 
and the distance between the microstrip lines and the ground electrode 50 makes it possible to design 
the inductance component per unit length of the microstrip line. Therefore, the inductance component 
necessary to improve the characteristics of surface acoustic wave filter are designed and included in 
the surface acoustic wave filter via the inductance component of microstrip line. Further, since the 
microstrip line is resistant to outside influences, the inductance component of the microstrip line does 
not substantially change even if the surface acoustic wave filter element is attached to the base board 
by face down process. Therefore a desired inductance component is added to the surface acoustic 
wave filter. 

[0097] FIG. 7 is a diagram showing the circuit configuration of a surface acoustic wave filter device in 
accordance with a second preferred embodiment of the present invention. 
[0098] In this preferred embodiment, a surface acoustic wave filter element 3 similar to that in 
accordance with the first preferred embodiment, is provided. As shown in FIG. 7, two series arm 
resonators 8 and 9, and three parallel arm resonators 10 to 12 are connected to one another so as to 
have a ladder circuit configuration. 

[0099] As seen from FIG. 7, however, in this preferred embodiment, the ends of the three parallel arm 
resonators 10 to 12 connected to the ground potential are commonly connected, and Inductances L6 
and L7 are connected between this commonly connected portion and the external electrodes which are 
each connected to an external ground line. Here, the ends of the three parallel arm resonators 10 to 12 
connected to the ground potential, that is, the ground terminals are commonly connected on the 
piezoelectric substrate. 
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[0100] Each of the above-described inductances L6 and L7 is defined by a microstrip line provided in 
the package. 

[0101] FIG. 8 is a plan view showing the electrode structure on the top surface of the base board 54 in 
the package used in the second preferred embodiment of the present invention. 
[0102] The second preferred embodiment is preferably constructed in the same manner as the first 
preferred embodiment except that the electrode structure on the top surface of the base board 54 of the 
second preferred embodiment differs from that in the first preferred embodiment. Hence, regarding the 
structure of the surface acoustic wave filter element 3 and other structures of the package 2, the 
description of the first preferred embodiment will be referred to. 

[0103] In this preferred embodiment, the surface acoustic wave filter element 3 is bonded via bumps via 
the face down process, such that the top surface 4a (see FIG. 2) of the piezoelectric substrate 4 is 
arranged face down on the area surrounded by broken line X on the top surface of the base board 54. 
[0104] A die-attach portion including electrode pads 55 to 57 is provided on the top surface 54a of the 
base board 54. The electrode pads 55 and 56 are bonded to the electrode lands 13 and 17 shown in 
FIG. 2 via bumps 55a and 56a, respectively. The electrode pad 57 is bonded to the electrode lands 14, 
15, and 16 connected to the ground potentials shown in FIG. 2, via bumps 57a to 57d. 
[0105] As in the first preferred embodiment, external electrodes 61 to 64 are provided at the corner 
portions of the base board 54. The external electrodes 61 to 64 are provided not only on the top 
surface 54a of the base board 54, but also so as to extend to the bottom surface via the side surfaces 
thereof. The above-described electrode pads 55 and 56 are connected to the external electrodes 64 
and 61 via microstrip lines 65 and 66, respectively. The electrode pad 57 is connected to the external 
electrodes 62 and 63 via the respective microstrip lines 67 and 68. 

[0106]That is, the terminals of the three parallel arm resonators connected to the ground potential via 
the electrode pad 57 in the die-attach portion of the package 2 are commonly connected, and the 
electrode pad 57 is connected to different external electrodes 62 and 63 via the respective microstrip 
lines 67 and 68. 

[0107] The electrode lands 13 and 17 defining input/output signal terminals and the electrode lands 14 
to 16 defining ground terminals on the piezoelectric substrate 4, are arranged so as to be rotated by 
approximately 90[deg.] with respect to the normal line passing the approximate center of the 
piezoelectric substrate 4, with respect to the external electrodes 61 and 64 each connected to the 
signal line and the external electrodes 62 and 63 each connected to the ground line outside the 
package. 

[0108] Similar to the first preferred embodiment, the microstrip lines 65, 66, 67 and 68 are opposite to 
the ground electrode 50. Other elements of the second preferred embodiment are the same as those of 
the first preferred embodiment. 

[0109] The attenuation value-frequency characteristics relationship of the surface acoustic wave filter 
device in accordance with the second preferred embodiment is indicated by a solid line in FIG. 9. For 
comparison, the attenuation value-frequency characteristics relationship of the surface acoustic wave 
filter device in accordance with a conventional example prepared similar to the comparative example 
used in the first preferred embodiment, is indicated by a broken line. 

[0110] In the second preferred embodiment, each of the inductance components provided by the 
microstrip lines 65 and 66 is about 0.8 nH, and each of the inductance components added by the 
microstrip lines 67 and 68 is about 0.3 nH. 

[0111] Actually, however, a common inductance of about 0.1 nH is inserted, since the microstrip lines 
67 and 68 connected to the external electrodes 62 and 63, that are each connected to an external 
ground line, are connected in parallel with the external ground lines. 

[0112] As shown in FIG. 9, in this preferred embodiment, since inductance components are provided in 
the package 2 via the above-described microstrip lines 65 to 68, the attenuation value in the vicinity of 
the pass band is greatly increased. The width of the pass band corresponding to an attenuation value 
of about 4 dB, is about 80 MHz for this preferred embodiment, in contrast to 78 MHz for the 
conventional example, that is, the pass band width is simultaneously increased in this preferred 
embodiment. 

[01 13] In this preferred embodiment also, since microstrip lines for adding inductances are provided 
between the base board 4 and the annular side wall 5, the electromagnetic coupling with the surface 
acoustic wave filter element is greatly reduced, thereby providing greatly improved filter characteristics. 
Furthermore, as in the case of the first preferred embodiment, in this preferred embodiment, since no 
microstrip lines are provided in the die-attach portion, there are no limitations on the position and the 
number of bumps. This enables the surface acoustic wave filter element 3 to be securely bonded to the 
base board 4. 

[01 14] FIG. 10 is a diagram showing the circuit configuration of a surface acoustic wave filter device in 
accordance with a third preferred embodiment of the present invention. In the third preferred 
embodiment, the surface acoustic wave filter element 3 is constructed in a similar manner as the first 
preferred embodiment, and two series arm resonators 8 and 9 and three parallel arm resonators 10 to 
12 are connected to one another so as to define a ladder circuit. 

[01 1 5] In this preferred embodiment, the side wall and the cap member of the package 2 are 
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constaicted in a similar manner as those of the first preferred embodiment. The difference between the 
third and first preferred embodiments is in the electrode structure provided on the base board 74, as 
shown in FIG. 11. Hence, regarding elements other than the electrode structure on the base board 74, 
. descriptions thereof will be described with reference to the description of the first preferred 
embodiment. 

[01 16] On the top surface 74a of the base board 74, a plurality of electrode pads 75, 76, 77, and 78 are 
provided, and a die-attach portion is defined by the plurality of electrode pads 75 to 78. The portion 
indicated by a circle or circles inside each of the electrode pads 75 to 78 define the locations of the 
bumps when the surface acoustic wave filter element 3 is bonded via the face down mounting process. 
[01 1 7] External electrodes 81 to 84 are provided at the comers of the base board 74, in a similar 
manner to the first preferred embodiment. The external electrodes 81 and 84 are each connected to a 
signal line, and are connected to the electrode pads 76 and 75 via microstrip lines 86 and 85. The 
electrode pads 77 and 78 are connected to the external electrode 82 and 83 which are each connected 
to a ground line, via microstrip lines 87 and 88. 

[01 18] Also, the electrode pad 75 is connected to the electrode lands 13 shown in FIG. 2 via a bump 
75a, and the electrode pad 76 is connected to the electrode land 17 shown in FIG. 2 via a bump 76a. 
The electrode pad 77 is connected to the electrode lands 14 (FIG. 2) via bumps 77a and 77b, and the 
electrode pad 78 is connected to the electrode lands 15 and 16 (see FIG. 2) via bumps 78a and 78b. 
Herein, ground terminals of at least two parallel arm resonators may be connected to one electrode 
land. In other words, electrode lands connected to the ground potential, for example, the electrode 
lands 15 and 16 are defined by a common land. 

[01 19] As shown in FIG. 10, therefore, the first parallel arm resonator 10 and the second and third 
resonators 1 1 and 12 are separated from each other in the die-attach portion. An inductance L7 defined 
by the microstrip line 87 is provided between the first parallel arm resonator 10 and the external 
electrode 82 connected to an external ground line, and an inductance L8 defined by the microstrip line 
88 is provided between the second and third parallel arm resonators 1 1 and 12 and the external 
electrode 83 that is connected to a ground line. 

[0120] The attenuation value-frequency characteristics relationship of the surface acoustic wave filter 
device in accordance with the third preferred embodiment is shown in FIG. 12 using a solid line. For 
comparison, the attenuation value-frequency characteristics relationship of the surface acoustic wave 
filter device in accordance with the conventional example prepared for comparison similar to the first 
preferred embodiment, is shown in FIG. 12 using a broken line. 

[0121] In this case, each of the inductance components by the microstrip lines 85 and 86 was about 0.8 
nH, and each of the inductance components defined by the microstrip lines 87 and 88 was about 0.3 
nH. Other elements of this preferred embodiment are similar to those of the first preferred embodiment. 

[0122] As shown in FIG. 12, in this preferred embodiment, the attenuation value in the vicinity of the 
pass band is significantly increased over the conventional example, since inductance components are 
provided in the package 2 by the above-described microstrip lines 85 to 88. The width of the pass band 
corresponding to an attenuation value of about 4 dB, is about 85 MHz for this preferred embodiment, in 
contrast to 78 MHz for the conventional example, that is, the width of the pass band is greatly 
increased in this preferred embodiment. 

[0123] As compared with the frequency characteristics (FIG. 9) of the second preferred embodiment, in 
this preferred embodiment, the frequency at the attenuation pole fr in the vicinity of the pass band is 
increased. Therefore, when an increase in the attenuation value in the frequency range nearer to the 
pass band is required, the surface acoustic wave filter device in accordance with the third preferred 
embodiment is more advantageous than that in accordance with the second preferred embodiment. 
[0124] FIG. 13 is a diagram showing the circuit configuration of a surface acoustic wave filter device in 
accordance with a fourth preferred embodiment of the present invention. In the fourth preferred 
embodiment, the same surface acoustic wave filter element 3 in accordance with the first preferred 
embodiment is used, and first and second series arm resonators 8 and 9 and parallel arm resonators 
10 to 12 are connected to one another so as to define a ladder circuit. 

[0125] As shown in FIG. 14, a package 2 includes a base board 94 defining a first case member. Also, 
a second case member including a side wall 95 and a cap 96, is constructed as in the same manner as 
that in the first preferred embodiment. 

[0126] In this preferred embodiment, the base board 94 is constructed by a laminated ceramic board 
including substrates 94b, 94c and 94d, and within the base board 94, microstrip lines for adding 
inductances as described later are provided. 

[0127] FIG. 15 is a plan view showing a top surface of the base board 94 and a top surface of the 
substrate 94b, and FIG. 16 is a plan view showing a top surface of the substrate 94c where microstrip 
lines are provided. 

[0128] As shown in FIG. 15, electrode pads 55 to 57 are provided on the top surface of the base board 
94, in a similar manner as the base board in the second preferred embodiment shown in FIG. 8. In this 
preferred embodiment, however, no external electrode and microstrip line are provided on the top 
surface of the base board 94, and instead, are provided inside the base substrate 94. Through hole 
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electrodes 95a to 95d penetrating through the substrate 94b and extending to the bottom surface 
thereof are provided at locations of the electrode pads 55 to 57. As shown in FIG. 16 the lower ends of 
the through hole electrodes 95a to 95d are connected to one-side end of the microstrip lines 97a to 97d 
provided on the upper surface of the substrate 94c, respectively. The other ends of the microstrip lirjes 
97a to 97d are connected to the external electrodes 98a to 98d on the upper surface of the substrate 
94c, respectively. The external electrodes 98a to 98d are arranged so as to extend from the corner 
portions to the bottom surface of the base board 94 to the side surfaces of the substrates 94c and 94d 
(see FIG. 14). Further, as indicated by broken line in FIG. 16, the ground electrode 50 for microstrip 
lines 97a to 97d is arranged to cover the substantially entire bottom surface of the substrate 94c. 
[0129] More specifically, in this preferred embodiment, the microstrip lines 97a to 97d are embedded in 
the base board 94, and via these microstrip lines 97a to 97d, as shown in FIG. 13, inductance 
components L9 and L10 are defined between the portion where the first to third parallel arm resonators 
are commonly connected, and the external electrodes each connected to an external ground line, while 
inductance components L1 and L2 are defined between the series arm resonators 8 and 9 and the 
external electrodes each connected to an external signal line. 

[0130] In this manner, the microstrip lines for adding inductances can be provided at any location within 
the package. 

[0131] The solid line in FIG. 17 shows the attenuation value-frequency characteristics relationship of 
the surface acoustic wave filter device in accordance with the fourth preferred embodiment, and the 
broken line shows the attenuation value-frequency characteristics relationship of the surface acoustic 
wave filter device in accordance with the conventional example prepared for comparison. Here, in the 
surface acoustic wave filter device in accordance with the fourth preferred embodiment, the inductance 
component defined by a microstrip line included for each of the series arm resonators was about 1.0 
nH, and the inductance components L9 and L10 each connected between the parallel arm resonator 
and the ground line was about 1 .0 nH. 

[0132] As shown in FIG. 17, in this preferred embodiment, microstrip lines for adding inductance 
components greatly increases the attenuation value in the vicinity of the pass band. In particular, the 
improvement in the attenuation value on the lower frequency side is significant. This is because the 
frequency fr of the attenuation pole is reduced because the value of the inductances L8 and L9 
connected in parallel with each other are increased. 

[0133] In the fourth preferred embodiment, since the microstrip lines are embedded in the base board, 
that is, since the microstrip lines are provided as internal electrodes, each of the microstrip lines is 
lengthened, thereby providing an increased inductance value. In order to obtain an even larger 
inductance value, it is preferable to lengthen a microstrip line by providing a plurality of layers of 
microstrip lines, and electrically connecting the plurality of microstrip lines with one another via a 

through hole electrode or a via hole electrode. _ _ __ ^ .. . 

[0134] As described above, in the surface acoustic wave filter device in accordance with preferred 
embodiments of the present invention, since inductance components defined by microstrip lines are 
each connected to any of the series arm resonators and parallel arm resonators defining a ladder 
circuit, and the microstrip lines are arranged in the package, the attenuation value in the vicinity of the 
pass band is greatly increased and wide-band filter characteristics are achieved. 
[0135] Changing the dielectric constant of the substrate on which the microstrip lines are provided, and 
the distance between the microstrip lines and the ground electrode makes it possible to design the 
inductance component per unit length of the microstrip line. Therefore, inductance components 
necessary to improve the characteristics of surface acoustic wave filter are easily designed and 
provided in the surface acoustic wave filter via the microstrip line. Further, since the microstrip line is 
resistant to the influence from outside, the inductance component of the microstrip line is not 
substantially changes even when the surface acoustic wave filter clement is attached to the base board 
via the face down mounting process. Therefore, a desired inductance component is added to the 
surface acoustic wave filter. 

[0136] When the package includes a die-attach portion having a plurality of electrode pads each of 
which is connected to any one of the signal terminals and any one of the ground terminals of the 
surface acoustic wave filter element via bumps, and a plurality of external electrodes each of which is 
electrically connected to any one of the electrode pads, and each of which is connected to a signal line 
or a ground line outside the surface acoustic wave filter device, the surface acoustic wave filter element 
is securely connected and mechanically bonded to the plurality of electrode pads using bumps via face 
down mounting process. The present invention, therefore, provides a wide-band filter device having a 
greatly increased attenuation value outside the pass band. 

[0137] When each of the microstrip lines is connected between the electrode pad connected to the 
signal terminal of the series arm resonator and the external electrode connected to the signal line 
outside the surface acoustic wave filter device, since each of the microstrip lines is connected between 
the series arm resonator and the signal line, the reflection loss is greatly reduced and the width of the 
pass band is greatly increased. 

[0138] When each of the above-described microstrip lines is provided between the electrode pad which 
is connected to the ground terminal of at least one parallel arm resonator via the bumps, and the 
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external electrode which is connected to the ground line outside the package, the increase in 
attenuation value in the vicinity of the pass band and wide-band filter characteristics are achieved. 
[0139] When the surface acoustic wave filter device includes at least two parallel arm resonators, 
wherein the ground terminals of all the parallel arm resonators are commonly connected, on the 
piezbelectric substrate, wherein each of the microstrip lines is connected between the portion where 
the ground terminals of the parallel arm resonators are commonly connected, and each of the external 
electrodes provided in the package, the attenuation value can be increased at lower frequency range. 
[0140] Likewise, when the package-side electrode pads connected to the ground terminals of all the 
parallel arm resonators are defined by a common electrode pad, and each of the microstrip lines is 
provided on the path between the common electrode pad and each of the external electrodes, the 
attenuation value is increased at lower frequency range, as well. In addition, defining the electrode 
pads as a common pad on the package side facilitates the wiring of chips. 

[0141] When the surface acoustic wave filter includes at least three parallel arm resonators, wherein 
microstrip lines are provided on the path between the electrode lands to which the ground terminals of 
at least two parallel arm resonators are connected, and the external electrodes to which these 
electrode lands are connected, and wherein the parallel arm resonators other than the above-described 
at least two parallel arm resonators are, on the piezoelectric substrate, electrically isolated from the 
above-described at least two parallel arm resonators, the width of the pass band is further increased 
while simultaneously increasing the attenuation value in the vicinity of the pass band. 
[0142] When the surface acoustic wave filter device includes at least three parallel arm resonators, and 
a common electrode pad connected to the ground terminals of at least two parallel arm resonators 
among the parallel arm resonators, wherein each of the microstrip lines is provided on the path 
between the common electrode pad and the external electrodes to which the common electrode pad is 
connected, and wherein the other parallel arm resonators are electrically isolated from the above- 
described at least two parallel arm resonators, at a die-attach portion including a plurality of electrode 
pads, the attenuation value in the vicinity of the pass band is further increased, and wideband filter 
characteristics are achieved. 

[0143] When the microstrip lines are disposed, in the package, at the positions other than the position 
of the die-attach portion, the electromagnetic interference with the surface acoustic wave filter element, 
and consequently, the deterioration of filter characteristics is prevented. 

[0144] When the package includes a base board, an annular side wall provided on the base board, and 
a cap member affixed to the annual side wall so as to close the upper end thereof, wherein the main 
portion of each of the microstrip lines is disposed between the side wall and the base board, no extra 
space is required, such that filter characteristics are greatly improved without increasing the size of the 
package. 

[0145] When the package includes the first case member on which the surface acoustic wave filter 
element is mounted, and the second case member enclosing the surface acoustic wave filter element 
mounted on the first case member, wherein the main portion of each of the microstrip lines is provided 
inside the first case member, large inductance components can be provided, resulting in significantly 
improved filter characteristics. 

[0146] When the signal terminals at the input/output ends of the surface acoustic wave filter element 
and at least one ground terminal thereof are arranged so as to be rotated by 90[deg.] around the 
imaginary line which passes the approximate center of the piezoelectric substrate of the surface 
acoustic wave filter element, and which is substantially perpendicular to the piezoelectric substrate, 
with respect to the external electrodes connected to the input/output end signal lines and at least one 
external electrode connected to the ground potential among the plurality of external electrodes, 
increased inductance components can be provided without providing bending portions, when forming 
microstrip lines between the side wall and the base board. 

[0147] The surface acoustic wave filter device according to preferred embodiments of the present 
invention can be provided in various communication apparatuses and signal processing devices, in 
particular, small communication apparatuses such as portable phone. 

[0148] While preferred embodiments of the invention have been described above, it is to be understood 
that variations and modifications will be apparent to those skilled in the art without departing the scope 
and spirit of the invention. The scope of the invention, therefore, is to be determined solely by the 
following claims. 
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a surface acoustic wave filter element including a piezoelectric substrate and a plurality of one terminal 
pair surface acoustic wave elements provided on said piezoelectric substrate, said plurality of one 
terminal pair surface acoustic wave elements being connected so as to define a parallel arm resonator 
and a series arm resonator in a ladder circuit; and 
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a package accommodating said surface acoustic wave filter element; 

said surface acoustic wave filter element being bonded via a plurality of bumps by means of the fade 
down process and being accommodated in said package; and 

an inductance component of a microstrip line which is provided in said package and connected to at 
least one of said series arm resonator and said parallel arm resonator. 

2. A surface acoustic wave filter device in accordance with claim 1, wherein said package includes a 
die-attach portion including a plurality of electrode pads which are connected via said bumps to one of 
a signal terminal and a ground terminal of the surface acoustic wave filter element; and a plurality of 
external electrodes which are electrically connected to at least one of said electrode pads, and 
connected to one of a signal line and a ground line outside the surface acoustic wave filter device. 

3. A surface acoustic wave filter device in accordance with claim 2, wherein said microstrip line is 
connected between said electrode pad connected to the signal terminal of said series arm resonator 
and said external electrode connected to the signal line outside said surface acoustic wave filter device. 



4. A surface acoustic wave filter device in accordance with claim 2 or 3, wherein said microstrip line is 
provided between said electrode pad which is connected to the ground terminal of at least one parallel 
arm resonator via said bump, and said external electrode which is connected to the ground line outside 
the package. 

5. A surface acoustic wave filter device in accordance with claim 2, comprising at least two said parallel 
arm resonators, 

wherein the ground terminals of all said parallel arm resonators are commonly connected on said 
piezoelectric substrate; and 

said microstrip line is connected between the portion where the ground terminals of said parallel arm 
resonators are commonly connected, and the external electrode provided in said package. 

6. A surface acoustic wave filter device in accordance with claim 2, comprising at least two said parallel 
arm resonators, 

wherein said package-side electrode pads connected to the ground terminals of all said parallel arm 
resonators are made a common electrode pad; and 

said microstrip line is provided on the path between said common electrode pad and said external 
electrode. 

7. A surface acoustic wave filter device in accordance with claim 2, comprising: 
at least three said parallel arm resonators; and 

an electrode land which is provided on said piezoelectric substrate, and to which the ground terminals 
of at least two parallel arm resonators are connected, 

wherein said microstrip line is provided on the path between said electrode land connected to the 
ground terminals of at least two parallel arm resonators and said external electrode to which said 
electrode land is connected; and 

the parallel arm resonator other than said at least two parallel arm resonators is electrically isolated 
from said at least two parallel arm resonators on the piezoelectric substrate, and is electrically 
connected to the external electrode other than the package-side external electrode connected to said at 
least two parallel arm resonators. 

8. A surface acoustic wave filter device in accordance with claim 2, comprising at least three said 
parallel arm resonators, 

wherein said plurality of electrode pads include a common electrode pad connected to the ground 
terminals of at least two parallel arm resonators among said parallel arm resonators, and wherein said 
microstrip line is provided on the path between the common electrode pad and the external electrode to 
which said common electrode pad is connected; and 

the parallel arm resonator other than said at least two parallel arm resonators is electrically isolated 
from said at least two parallel arm resonators, at a die-attach portion including said plurality of electrode 
pads, and is electrically connected to the external electrode other than the package-side external 
electrode connected to said at least two parallel arm resonators. 

9. A surface acoustic wave filter device in accordance with any one of claims 1 to 8, wherein said 
microstrip line is disposed in the package at the position other than the position of said die-attach 
portion. 

10. A surface acoustic wave filter device in accordance with any one of claims 1 to 9, wherein said 
package includes a base board on which said surface acoustic wave filter element is mounted; an 
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annular side wall provided on said base board; and a cap member attached to said annual side wall so 
as to dose the upper end thereof, 

wherein a main portion of said microstrip line is disposed between said side wall and said base board. 

1 1. A surface acoustic wave filter device in accordance with any one of claims 1 to 9, wherein said 
package includes a first case member on which said surface acoustic wave filter element is mounted; 
and a second case member enclosing the surface acoustic wave filter element mounted on the first 
case member, 

wherein a main portion of said microstrip line is provided inside said first case member. 

12. A surface acoustic wave filter device in accordance with any one of claims 1 to 1 1 , wherein the 
signal terminal at the input/output end of said surface acoustic wave filter element and at least one 
ground terminal thereof are arranged so as to be rotated by 90[deg ] about the imaginary line which 
passes the center of the piezoelectric substrate of said surface acoustic wave filter element, and which 
is perpendicular to the piezoelectric substrate, with respect to the external electrode connected to the 
signal line at the input/output end and the external electrode connected to at least one ground potential 
among said plurality of external electrodes. 

13. A communication device comprising a surface acoustic wave filter device in accordance with any 
one of claims 1 to 12. 
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t f»*« 7 ] 4>ft < 4 *> 3 fli«±<D8JE30»JK«»F 

50 
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t(BBflE«tt«E±fCJBfl63 *ir te 0 , iJ>& < 4 i> 2 fflco 
^J«*fi^T-^»^3WK«?ti4««^> F£3 

rc»s«r8B«fi^> F4, mnmzis F&tmstizm 
^imHh*ix*>*) s 

a*. ff^ttSfi±(c*jc^r, we^&< £&2ffl(D3B*j 

ffl©^M*^BcgSK3 tlX 1*5^ 7 ^-^ffl(<D£fSP 

[M«qf 8 J 4>fc < 4 fc 3 fl®myM0tS?*« 

< 4 fe 2 ffl<DS0»lR*»f©T - *WHF-«:«»S ti5* 
IWK? FSWL, BJIBvY^O^ F y v?5<{Z/tfi 

f 4, &#mmm'*y wmmztizmiz 
Kumm t omom&temi nx 9 , 

StilB^ < £ fe 2 flO^JK^S^a^^JiBeR^ 
r, M8B5l>a< 4fe2ffl(D^JIRftlB^ £ ^^CC^gf 

[IS5}ciB9 ] iiufaw ^ F y * ^5 >f 
^•-^{ctet^r, fri3^-/r^^^SR«^iciBg3n 

fcR»&n^Htt©«»4, »JBtt©fflK©JJB*BHJSR 

fyfSW ^nx F y ^ tt-fxossifflfi* ffliZWmt 
Mia-^-xsKtcDracciBasnrtr^, ii^i-9 

cis*^ 1 1 ] i5ia^ ? er-^, huibw tt^ffi^^ 

Z>m2<D*r-Attt*ffiZ. s 

mjIBUl O^r-xMcDrt^^fulBv^ ^PX F y 

^XD^fiSB^Rl-t^tin^, fS^l~9<DC^"rn 

1 2 ] fiylB5ftt^ffi^^ a )VZWk*<DKmil 



c««3S 1 3 j m#m i-i2 ©^rti^tcietgcDs* 

[0 00 1] 
[00 0 2 ] 

[«e«oa«] fie*. i»<o-*^wtt*ffi«^^ 

l»* (m&4#K¥5 - 1 8 3 3 8 0^Sf) . 

fts^ 4 raiMMB? 4 #a#«* 6 Httflwcw^ o x 

[0 004] *JHHE5 - 1 8 3 3 8 O^flKB, ±iS 

mpm&m+z itumatem+tc 4 > # * * > 

[0 0 0 5 ] *fc. 1 0 -93 3 82 

$m$ty 4 ^^SE5 0 1 raii&t&T-s 1 , s 

2 4a&W0OHFP 1 3 i3&s»^SHR*flteK*-T 
&J:9K«ME34tci>&. ccm a^nkW^P 1 
-P3 4T-xm{i4a>ffflfc:, 4Z/#Z*l'X 1 Lim\ 

[0 0 0 6 ] >f>^^^>XLOWU i } 4 KWttfk 
Rtf ^««ifii*K: fc £ «StScDf£A£ H & C 4 

[0007] w&mm&y ^ ^^^16 0 1 » 50 
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*-^6 0 zpHcummsmy a frzm+e 0 3« 

£ftTl>& 0 /^^-i/6 0 2B. ^X1S6 0 2 
a, 0 2 bM+t -7^6 0 2 c&WTS. 

[0008] <-^Ii6 0 2 a±(C», 
^ 0 3 ecSAM(c«M3tlSffiRO«^ * 

F**tr£#^T* y*S$6 0 2 d«^ntt^ fl 
Wtt«Hift7 -f ;W**^6 0 3 E«£K6 0 3 a 4 
»U E1IK8 0 3 aOTRKMIIHiSWK* 
SfcrifceftflMBWf^flEShrc^s. fit, JE^S 

0 3 a(DTM^fiS$nrc^m^^*>"7*6 0 4 
V4TZv ^356 0 2 d FiC«^ 

BffiS7-f 0 3#y-f 7***S$6 0 2 d*C« 

[0 00 9] C(DJ:^^7x^xW>I^ Tft^^ 

^£<&W4t,ftt,><D-C\ WttSnSECBHO/J^b^jt 
a&£C4#r#S 0 
[0 0 10] 

1 8 33 8 0 1 0 -9 33 8 2#&*KC 

>^4>?yj**mmbx±.m>i>#?z>xzttm 

[0 0 1 1 ] L*>Lft#6. HM&Lfc:?*-/ *#$>X 
B6 0 1 m ^>^7Yf^:ft^OT, # 

to-r^ft-f>^^*>XfiE^%f»4c4*«r*SAS % C 
<b75sr#ftCi 0 

[0012] fi^oT , #H^P4 - 6 5 9 0 9#&*CCSB 

«**H S C 4 #BMr* o/c D 
[0013] ft*j % #BB¥4 - 6 5 9 0 9#4i«{Ctt, 
?r - J^WCD AUJ*«#*f - 4 T - X4»^ 4 OIB CC A 

ft < Ata^cD > f - ^> xs^*a c 4 **c * 4 

Affl^7 Y > tr- ^> ^ CD v * ^ > i/«rH h ft Wtittft 6 
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[0014] *fc % »BB¥4 - 6 5 9 09^fifRTO, 

je**+»«ctf*>tir. aMbwrrr s c ± a * s. 20 

[0016] ±iElfcS£*a*(D^^ 

*j»?h u . m*m®mmm*^-?zwmmmy 
m^ffiv >is-ca* v *-^(cjrib3 i> 

/* fcttift^JlRft&fK: -f > y ^ # > x ifitm 3 *ir fe 

7^Hr«KWt«CiK:*5 0 30 
[0017] 

[0018] &§m(Dikz$m<Dmm-ctt s wm^?* 
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[0019] **W©J:0|R3effJ«cJBB , r«. fTiBW 

s^oft ^ -r >ic}g£! la^gpma <t ©pates 

[0 02 0] *^0JcDffi(Z)K^Wfe^Mr«, bjibw 
^DXh'j.^77>f>^ >pts: < £ & 1 ^cDmriB^JM 

[0 02 1 ] *^HJ(DffeCD^CD^®r«, < <b 

[0 02 2] *«l9O36K:a!l©»^(0^ffir«, *J>ft 

^9 Fi, Wi BflflWSA ©raoSKCcSJIB v ^ n x 

[0 02 3] *«l8C[>3e>Ccf6©IE5eWftSffi5Cj:ti 

IBBE«ttaS±tc^J5E3tir*j «9 , ^>3& < i fe 2 <1CD^ 
^JMft^CDT-xffi^^$ti'Sm@^>K^3 6 

a^fSpms<hcorHi©S3§tcSirfBv opxh'j777>/ 
^3nrt^ D 

[0024] **WOffi(D«F^CDSffir«, < i fe 
lilB^^JMitfg^© 5 fe^fe < £ 2 fl(D^?iJM^ 
SrflB^-Y ^axhy^77>{ >^ftiimffi^* * F A , ^ 

TZy *mcto^X , H«IB4>J& < A 2 fflCD^Jfjft^ 
-T-ASMW5C^tt3nrfc»3, B(flB^< A4>2ffl©36 

[002 5] *«?8(D3 6CCffi©IE3ewa:SMr«, M 



(5) 



(D&moimm-ctz. usb^**--^* fiufe5¥tt3iffi& 

^cfc^MWtftt^ti/t** ?:?*1vf4£ifi;^ ffflBv 
[0 026] #IWKffiSWte*B«? * 

zmm?z>m2<Dtr-xtftzffi%.. swan©*--* 

[0 02 7] &*>\ #gj*ffl»cc:te<,>T r^*o*F 'J 

W8B»te«Bift:7 * ^iSTOAHttiiofllflW^i^ 
5 % Affi^ffiOfl^f 5 >f > 3 ti £ J*S&«© 4 'Ptz 20 

[002 8] ^(CffiilfittU, *»MCC«S»tt 
[0 0 2 9] 

[ 0 0 3 0 ] H 1 1 ©ISSfeWt^&JW* 30 
SB«»«<DHSBW»rBBr * 9,^2 «*IIJSWrffl 

^-S/rt©«»»4»Mt**fc»<D«SCW¥BH 

[003 1] il fc^TJ; 9tc, ^«&^©S¥ttltD5*& 
SgBl-Ttt. ^»^-^2WK!ftt«B»^-f^**T- 

[0032];^^2B, ^ff^#tf>^-xS«4 
4, ^-XlR4±K»ShWB^©«5 4» 40 
fflijig 5 <D±j&HP*BBflfr 5 <fc 9 CCffi 0 tttt 6 ftfc*BJ& 
SttO+t^ttBitWfi. BK5R. JEJHERfil 

rfe<tc». so 
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[0 0 3 4] B2(C^TJ:5CC, gM£&BttT7 4Jl'#X 
=f- 3 tt, JEHttSS4 ur(0)EE»S«©ff«»K7 *W 
"T^o IE*X«7tt, 49gtkMrt23 6' YcutXg 
ffiLiTa03lSW0M?ntt^ o &-?4&, 

[0 0 3 5] JEmS^7<D±ffi7 afCtt, ^HR*^B 
0, B7R©«ffi«JS^flE3nrc^4. C09^«§3§£ 

7* h y W?7 4 - - V7 h*7ffi-Ctf oTfecfcli. 
[0 03 6] H2*#JHly-C±E«ffi«JS*»?8"rS. 
BESSB 7 <D±ffi 7 a ±CC tt. «^ MHKtftJ&Srl^ir 

H*!**^ 8 . 9 K V^MRWF- 10-12 tfJIMK 
Sntl^o p»»lR*fiT 8 . 9 Stf ^Jtt*J&f- 1 0 
-12», C^Ttlfc. 1O0IDT4, I DT(Dgia$t 
eft^BWJcKBStifcSWSi*^*. EMU* 
&f 8*«*L/-C»Wr4 4. ID 
T8a4, K*f3§8b, 8ci*#T4, 
[0 0 3 7] 35 fc, EE«S«7(D±B7 a±CC», 
^> F 1 3- 1 7#JF2(K3*iT<r>£. ®E^>F 1 3 — 

1 7tt, Wtt«B»7 -f 3*W»4««««:Jfi 

[003 8] 9t@^> F 1 3«, Wtt*B«:7* ;b«R 
■T-3cDA^i84urfflc»6ti. WBi7>Fl33MW 
SSI 8tc^0^lOii:?iJM««i^8CD^&c«^3nT 
C>5. ilSl 8«\ H@^> F 1 3 4, B^JWftJgT- 
8 CD-ffi 4.^1 OttMn^S?- 1 0 O-ffi 4 ^r^mW 

mm^> f 1 4ccaaftstir^s. f i 4«, 
[oo39]$/c mm^mf-scomMm 1 8 3»s»h 

Snri^«i«J^»J©«»«. 3»*R2 0CC«SK;s 
nr l ^ □ 2 0B, » 2 CDfi^JMftffi^ 9 CD— «i 

m2 03fe?UM±ttg J F-l l©*WS2 0 3WSB»3tiT 

rc^ 0 s@^>f i 5«r-x^{4^c«^3n^ms 

^> Ft?**. 

2 !3&«»Stt3tir*$0. ^S§2 IB, *«^>F1 7 
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Ram3<omismm^i 2<D-mcmmztixt,>z a 

mm&mTi 2<omms&2 ucmmztix^zmtte 
jxttmcD^m*. mmmz 1 ^utsi7> f i 6&c 

[0 04 2 1 H3B, 01 «C*U;lbr?**-5/2CCb» 

To ^-xatR40>±iH4a±«:*^r. Wxr^t 

It7©117 a#T#£fa< J:5fCL/T'0:7te;j;r) 

*SfHP3 #EE«g« 7 ©±I7 a #5Tffi£fnJ < J: 5 OC L 
t\ 03&C^T^-XSS4O±S4 a±ttmi6ft, 

[0 04 3] fr*>\ <-Xli4(D±I4 a±*C«, ^ 

ffi-x-x h%Enai • Mir, 

l^o Tft*)^ C<D«&(D*«^ F2 3-2 7#y 
-Yr^y^SB%«^UTl^So Sf^^F2 3-2 7^ 
51 flUt-O-T M?nt0^ o -eO^^rliAS F 

2 3 5*. j*>V2 8CCJ:D, 122 Cc^Lfc«ffi-7> F 1 
3Cc«»W«:««l3niii«>Cc. ««Wfc®^3ti 

(tC^LtcM^y F 1 4— 1 '*>:/2 9. 30, 

3 1, 3 2K:«J:?)SSft3ftS. 3 6CCtt&'t?F2 7 
tt, /<>^3 3 4^Ur t B2GC^Uft:«ffi^> Fl 7 

[0044] ±£Si^*9 F2 3-2 7CD5*S, «ffi/* 

>F23, 2 7^, ^»©e#^-f>K:s«3ns«s 

'<*Fr*9, «ffi'*y F2 4 — 2 6«5*ffl<DT-X^ 

[0 045] £/c, ^-X*«4<D±ffiCC», 

4 1— 4 436fl»J«S*irc»&. »»W4 1M4lt 

<-xifi4o±i4a/c^r%<, Birwag^sti 

4 4», HlCC^U3fc5^*ffl«*gBl*^»i««ffJ 

[0 04 6] ^SKS44». 7^axhy^77>{ 
>4 5*^U«I^7 F2 3(C«SM3tiri^. fttt 
CC % j*8|tttffi4 1«, v>f^PXh«;^7>f>464 
^Utl«^9 F2 7tcmm$tiXi<>2>. S/c, 
S4 2lt v^^nxhy^77^>47^ltli 
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^'y F2 4CCgJKS*irte0. ^SPmffi43«v^^p 
^h';^7048 ( 4 9SMT, «iA'^K2 
5, 2 6©5PttrCCfl^WCcasttSftTliS. 
[0 04 7]fi£oT, ^a$m@4 2, 4 3«, JfSBcDT 

1 , 4 4 36S«#^-r>CcgS»3ti4j^SP«Sr*i. ± 
IBW^nx F y y ^^>r>4 5-4 ^-*g« 

[0 04 8 ] #jU!fe#Hrte:, ±Kv-Y ^px F U 9 75 

10 >r>4 5-4 9(cio >r e>ft£. *r 

St-f>^^^>XLl^ 70nxh»j^77 0 
4 6{C>f>^^>XL2^70uxh';^77-/> 
47-49&C<£^ ^>^^>XL3-L5«? 

[0 049] St>»*ft«, »^F«088«flt*W"r SS- 

^-/>4 7-4 9*sss»stiri»i. wmc mm 
1. 4 4i©raccfe, ^n-en, w f »; 

>f>(D>f>^^>X^45 > 4 6rt*JgiRSftTt> 

So 

[0 05 0] ^^jBSWrtt. 2 ffl(Di£JiJM^M?-8 , 9 

0-1 2 Cc, *'*r^etvrS*fi[«:; ±IS^ 
Ooxhy777^f>47-4 gcc^D-* 

TSo 

[0 05 1 ] B6©HJK». ^JIM<^t£%ffi&«S 
To ttfc, 06tc*5^rK^r^i//cSE*09<D5itt*® 

40 4Q_bH I 0 4 a±&C«, SS" S ? F l 0 5 — l 0 7 ifi 

jftsssftrns. hiwcb\ j*a««i i i-i 

1 4*s»jaEStiTt>S. W-8B«ffil ll^lUtt, ^ 
-XlI10 4©±p^»Mlt, TffiC££>MS<fc 

a-r^o wsmrni 12, 1 1 3«, mo^ci^wsi 
0 8, 1 0 9tc£t)mm'*v f 1 0 5. io6cc-en-e 

> f 1 0 7^, nsp^si 11,11 4tcia«gi«sn 
So > f 1 0 7 ^mmm^y ■< ;u^^3 cd 

50 T-X-5-r>ecS8KSft£««-7> F 1 4- 1 6^c^*> 




^6CcfcD«^sn. mm^ v f i o 5, i o 6«\ -en 
-en, «*»T-ec««stis««^>Ki 3. i7ic« 

ii^irii, Sfe?iJMftMT 10-124 

>ccjg^^ti6^sp^si li.ii 4<toracc. v>r 
[oo53] r«cc. fi^jsiwf 8 , 9 tmmm 1 

12, 1 13 4<DHKCfc, '^^-SHMfCblvc, W 

/c5¥tt^M^^ *;U**^3©f±«tt«T©iI0T?* 
^ 0 i£?'JMfttg^8, 9-WBBXi&H= 1 7 urn, I 
DT«C*5W 10 0, 53*5<D*RS0 
*S=100 k ISgf^O. 9 9 Mm (5Wfe3tffii£ 
(DifcBA = 1 . 9 9 urn) . 

[0055] *1, »3©^J#feftSHFl 0, 12-1 
«Jg^M*B -50 urn, IDT <D^«g<D*f 4 0 
*t JSWSO««fB©*«= 10 0, SBtgbT? * 1 . 
0 4 urn (»tt*ffi«<DiftfiA = 2. 0 7/im). 

[oo56]»2 (ommim* 1 1 -meKUM = 

5 2 Mm, I DT<Dm«g<D>tf|ft=9 0*f, SSJgCDH 
ffi}g©*»= 1 0 0*. ««fgf-^^= 1 . 04/im 
(5¥t£3tM*&CD$g A = 2 . 0 8 m m ) e 

[0057] mmm^Oo^x. ^-*x«4±&c 

M^ntl^v^^px h y * >4 5 — 4 9K: 

££-<>^£>x mftmxTom k> v & & o 

v^^uXF'J>;77^>45, 46-0. 8nH 
v>f>;p^htJ-;77'{>47, 49-0. 8nH 
v^^nxh'J ^77^>48-0. 5nH 

«<D*Ifcl\ «e*WrB7 8MHzr*4CDCC^L. #H 
*6Wr«8 6 MHz 4j£tf e.ntC^Ci^-S. £ 

stressor, ftai-Y>y^^>xj3t^#aEL/aci 
fc^4#^6n^> 0 *i-*3©aBniieai 
^ i o-i 2icmL( l cj>#!7z>xmm*, ±iav^ 

[0 0 5 8] 3 6cc, ±ie>r>^^^>xfi£^#jtjn-r 

^/^(Dv>f^pxhy 777>f>4 5^4 9^ k 

y v-J^A >4 5-4 9i»a»7^^$T3 4 
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Xhy777-f>45-49^ y-fT***8WCfcH¥ 
[0 0 5 9] £/c, 7>f^PXh'J^7Y>4Mt 

sa«<DR«^ 7^^dxf>j ^7 , 7^>i^7>F 

h y ^ 4><D4>#9 jf>x«flrRlt 
XFV^7>f>(DY>^^^>«M 

^fMo >r > y * * > ^ flE»*gasf £ * o wests as? ^ 
^ £ cc#at s c 4 £ 0 
20 [oo6o] imzcDmmm) muz. *js«<o»2© 

Co o 6 l ] *ntsw«:te^rfc, m©SI«SW4l5« 

t, H7«C^T<fc5(c % 2ffl©fiy«|ift»?-8 > 94, 
3«©a6J»Jil*JS?- 10-12 43&JawSH»HljS*W 

[0 0 6 2] 4>o4&, 07#>6^6^&Jc*>CC, #SI 

*wrtt 3m<D$&\mm=F 1 o- 1 2<£>T-*it{i 
^ 0 sfioM^jas^feT-i o-i 2<DT-xm& 

±r «t* ^^tut^J:^, 
[0 0 6 3 ] ±!fi^>2^£>XL6 t L7tt, ^'^^r 

[0 0 6 4] 08 tt, *2(^Jfc«rfflCi6n*^^^ 

[0 0 6 5] * 2 ^-^»«5 4<D±M<D 

©«JtR^^ > ^-^2(Df6(7)»Ol^^ 1 C0H 
[0 0 6 6 ] *5eteWt*$t,vrfc, ^-Xl«5 4 0± 
If3^Elifi4©±I4a (H2#M) ^Tffi*IfiI 
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[0 0 6 7 ] -^-XSfeS 4(D±S5 4 a±CC« v 

F5 5-5 IfrhteZ^JTZv+UfflmSLZtl-C 

fc««5>F1.3. 1 7 5 5 a. 5 6aCCJ:0 

2CC^LteT-^*{acc«jK3ti4«ffi^> F 1 4. 1 
5, 1 6 <fc'0:/5 7 a^5 7 dte<fcD*&3*l*. 
[0 06 8] ^SP^ffi6 1-64^1 CDj|^J<t[5j« 
CC^-XSffi5 4tD3-^-SP^CC^6nr*JD, $f 10 
SU*ffi6 1~6 4«, <-^lil4©±15 4a±/c 

^FV^7-f>6 5, 6 6*/MyT?fg«ffi6 4. 6 
a^h'J^7706 7, 6 8£:*>UT?fS|5li@6 2, 

[0 0 6 9 ] -r&fr%, ^^-^2©y^7^ **a& 

(D«B>>* ? F 5 7 CCi: 0 3 (i©3fe^JJ86*jg^(DT-XS 
ffiCcggRSnSSH-^iiSSRStirfcO, 20 

7, 6 8 4^UTStt4J*8P««6 2. 6 3CCg«3ft 

[0 0 7 0 ] *fc, E«^4±©Affl#m^f«?-<fcfc 
S*ffi^>F13, 17iT-^Sfi45«fi7>F 
14-16iit ^^^-i^>MW)«#5-f>Ccaa» 
-3 trSttSWffi 6 1 . 6 4MT-^ ^-fS/^SttS-ft' 
4^SB*«6 2. 6 3^U, JEmK}g4 CD 
<£ »K<D JS 9 CC 9 0 SHIeT * £ 5 K: fiBB 3 *VC C > £ □ 

[0 0 7 1 ] *<7)fl6©«fiKtCOCir^, 1 CDHIi^Ii 30 

[0 07 31 4*, **W«:4ji>t, ifBW^ctxF 

-etl-eti, 0. 8nH«^ 7>f^nXF 
'J^77^>6 7, 6 8te<fcDttfll3ft£>r>$f**> 

^n^n. o. 3nHfasr&£ 0 40 
[0074] mmr tcmmztizft 

SP^g6 2, 6 3Cci£t£3ft£W^cix F y 

>6 7, 6 8it ^gPCDT-^^-f >CC*fLr^jCC^ 
iSn5/cfc XHKC», 0. 1 nH*Ig<DftM^># 

[0 07 5] 09*P6386a>fc<fc5CC, *H5teWlt?«. 
^ ^-y2FtyC±fBW^UX F 'J *^-f>6 5 — 
6 8iC<fcO ^>^^^>XJ5S^fWD3^Tl^©r, 

«0>ajHIWMB. SeRfflrtt 7 8MHz^U, $ 50 
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IWWCtt. 8 0MHzrS>0, C»i«Hfcfcigil*fCia£ 

[0 07 6] Sfc. *HS6WCC*5C^rfe, W>#^£> 
X4fflJDt5^»(Dv^^ax F y v7*7<Oifi* 

i 1 3 ^^-^SS4 icaifcg^i- s c i 

-So 

[0 0 7 7] (f3©^{feTO IlOlt lfl3<7)Siife#l 

9<L, 3«Df»*Jl^lO-12(!:^S 
[0 0 7 8 ] #3llfeWC:fal>rfc, ^^4r-^2©Hia 

So w&ztczu, mi lcc^-ri^tc, 

«7 4±omffi»^jy?KD«^tcoc>r«, m 1 (omm 

[0 0 7 9] <-^«7 4©±M7 4alWt 985: 
<D«ffi^vF7 5. 7 6, 7 7, 7 8^ff^3tirfc 
D , f^&C^ffi^ *-F 7 5-7 '8«*0-*+55-*"y-*- 
»#»J3E3ftr^5. F7 5-7 8©rtSKcR 

[0 080] <-XSft7 4CD=»-^-8|5#K:ra, W 1 
©SUSWiBIfilfCUT, ^5Pm©8 1 -8 4f>mf&$tl 

r^So j*a««#8 i, 8 4«, m^-oicmmz 

ftSj*®«ffir*0* F7 5. 76CC*tLTv 

£/c v «i/^F7 7, 7 8tt, T-X^-f>tC 
88K3*l£^S5«ffi8 2. 8 3*CW^nX F U v-f~r 

>r>8 7, 8 8^itgi$nri^ 0 

[0 08 1 ] £/c, V&rt? F7 ^>z/7 5 a^C 
J:^i2^l/ctS7> F 1 3K:aB*3h, Ctt^*? 
F7 6^^*>^*7 6 aCCj:0BI2tCmL/c«ffi'7>F 1 
7C£ig^3n&o »«^7 F7 7», 7 7a, 
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